, KK (Japanese obese) mice (Kondo et al., 1957; Nakamura et al., 1967) , yellow KK mice (Nishimura, 1969 ; Iwatsuka et al., 1970) and so on, and those discovered in natural environment, such as chinese hamsters Meier et al., 1961) , sand rats (Schmidt-Nielsen et al., 1967) and so on. Since the syndrome detected in the animals does not always resemble that in diabetes mellitus (DM), the hereditary animals have been recommended as models for a long time on account of the close resem-blance of their syndrome to that of DM. In comparison with the strains obtained by inbreeding or hybridization, the manifestation of diabetic syndrome in the natural species is suspected to be more strongly influenced by the complicated participation of genes and circumstantial factors. The diabetic syndrome has gradually developed for the duration of being kept under artificial conditions in almost all of the diabetic species, which might have never been found to be diabetic in natural environment.
It is, therefore, necessary to obtain the information as far as possible from the newly found species, for the purpose of elucidating how the diabetogenic mechanisms would develop.
In the present communication, mongolian gerbils (Meriones unguiculatus), which have been considered to belong to a species, zootaxonomically related with the sand rat jects for the observation of manifestation of the syndrome and the pathological changes, and influence of the long-term administration of sulfonylurea. At the same time, the experiment is expected to offer some data which may suggest some comment on the ireports by the University Group Diabetes Program (UGDP, 1970) on the manifestation of cardiovascular complications in human diabetes.
Materials and Methods
Mongolian gerbils (MGs), which had been born and, thereafter, been kept with the standard diet in Nippon Medical School, were used for the observation of the growth. Forty-two MGs, selected at random were divided into three groups in the 24th week after birth.
Group I was continuously observed without any treatments, and Group II and Group III were treated with the diet containing 0.1% and 0.2% of tolbutamide, respectively.
Each group consisted of 7 males and 7 females.
Body weight and daily consumption of the diet were estimated once a day and blood glucose in the morning was determined once every two weeks. In 8 animals (3 males, 5 females) selected at random from each group, the intravenous glucose tolerance 36th and 48th week. In most of the animals, the serum non-esterified fatty acid (NEFA) concentration was determined in the 48th week.
Other 25 MGs than the above mentioned 42 were used for the observations of the changes in body weight, blood glucose levels, serum NEFAs and the histopathological findings in the course of time. All of the animals were sacrificed by bleeding, and then, arterial blood taken from the abdominal aorta was used to determine serum NEFA.
The main organs were removed and weighed. Heart, liver, pancreas and kidney were subjected to histopathological examinations.
For the conventional light microscopic examination, the paraffin-embedded tissues, which were previously fixed with Bouin's solution or 10% phosphate buffered formalin, were stained Hematoxylin-Eosin, Gomori's AldehydeFuchsin, Azan or Periodic-Acid Methenamine Silver (PAM) procedure.
Blood glucose and urinary sugar were determined by the glucose oxidase method and tes-tape, respectively. Serum NEFA concentrations were estimated by Itaya-Ui's method (Itaya et al., 1965) . Immunoreactive insulin (IRI) in serum was assayed in some MGs and Donryu-strain rats by mean of the doubleantibody radioimmunoassay method (Hales et al., 1963) with crystalline bovine insulin (Novo Ind.). Table 1 shows the changes in body weight, blood glucose level in the morning and serum NEFA concentration from 3 to 60 weeks after birth in MGs.
Results
Body weights increased gradually and continuously with the lapse of time and, in the 24th week and later, they were kept at certain levels (80-90g).
The increasing curve for mean body weight seems to conform nearly to a logit-curve, but, in a few cases, it is found to correspond apparently to a more speedy growth and to a higher asymptote (110-120g), thus suggesting that the population group for MGs may not be homogeneous and that the heterogeneity may have been produced by intermingling with some unusual animals which are named "obese" . the arterial wall where the afferent vessels branch into islets per se. In the 12th week, the histopathological process in pancreas was not only limited on the vessels, but spread to islets and acinar tissues, and it naturally resulted in degenerations of islet's cells (hyalinization, hydropic degeneration and fatty infiltration), an increase in chymogen granules in acinar cells, and interstitial fatty infiltration and fibrosis ( Fig. 1 A and B) . At the same time, it was found in kidneys that the process from the thickening of basement membrane to diffuse sclerosis in glomerulus (Fig. 2 A, is to say, endothelial cell swelling medial to obliterate the vessels (Fig. 3 A) and to cardiac muscular focal degenerations, which seemed to consist of edema and brosis in interstitial tissues including perivascular space and muscle cell degenerations of various types (Fig. 3 B) . These pathological changes, which were often accompanied with liver damages, were found to be more extensive and severe, and irregularity in the size of islets, including giant islets, was gradually manifested in the 48th week or later.
Some (Nos. 21, 33, 60 and 62) of MGs observed in the present experiment, were the most attractive cases as the carriers of the "diffuse islet's hyperplasia" (the term designates an increase in both cell population and number of islets ; Fig. 1 C and D) , which might assumedly be produced by the similar process to that for giant islets, since overt diabetic syndrome such as hyperglycemia, lower glucose assimilation ability, positive urinary sugar and relative obesity could continuously be marked only in these cases. The fibrotic process in the pancreas of these animals had never been found to be severe.
On the other hand, the kidney infarctions (Fig. 2 D) , which were occasionally encountered even in young MGs, were shown in various sizes and the appearance rate for them seemed to be unrelated with age or sex.
Observations on influences of tolbutamide treatment:
The summarized results of keeping the non-treated, the 0.1% tolbutamide-treated and 0.2% tolbutamidetreated groups for 6 months are shown in Table 5 , which also gives GTTs tested in a part of them. As seen in it, the mean food intake and body weight for the three groups are 7.0g /day and 76.9g, 6.2g/day and 74.1g, 6.3g/day and 78.4g, and the total mean are 6.5g/day and 76.4g in the start of keeping, respectively.
The results of chi-square tests based on the probabilities in distributions of the cases showing the higher values than those in the averages in the start are summarized together with blood glucose levels and serum NEFA in Table 6 .
While food intakes were consequently expected to increase with an increase in body weights, the values of body weights for the 0.2% treated groups in the 36th and 48th weeks were computed as significant increases. The sampling probabilities of the obese cases in three groups were 4/13, 3/13, 6/14 in the 48th week, warranting the homogeneity of grouping.
Comparisons of blood glucose levels in the morning, GTTs and serum NEFAs, showed no significant differences among them.
It is clearly indicated in Table 7 that the histopathological findings in the tolbutamide-treated groups are qualitatively identical with those in the non-treated group, but they are different from each other in the distribution probabilities of the cases bearing severe pathological changes.
While the chi-square tests revealed a general inclination of increase of severe cases in the 0.2% treated group (Table 8) , there were significant differences among distribution probabilities of the findings that the obliterative change in cardiac arteries, was more pronounced, and in these cases, the focal degeneration in cardiac muscles was developed in a rather extensive manner.
Kidney infarction could be encountered only in the 0.2% treated group, but the distribution rates obtained from the three groups did not deviate signicantly from the average rate for all of the cases observed in the present experiment, as shown in Table 8 .
The cases which had shown an increase in number of islets, were occasionally found in the 0.2% treated group. In these cases, numerous small islets were observed at the adjacent or distributing arteries, and they Table 6 . Chi-square table computed from the food intakes, the body weights, the blood glucose levels or the serum NEFAs (shown in Table 5) *: p <0 .05, **: p <0.01, NEFA: non-esterified fatty acid. Table 7 . Pathological findings on heart, kidney and pancreas at 6 months after keeping with tolbutamide-contained diet in mongolian gerbils Table 8 . Chi-square table for the distribution probabilities of the cases showing severe change in heart, kidney and pancreas (shown in Table 7) n.s.: non significant.
consisted of a few degranulated cells (Fig.  1 B) , as shown in the columns of B-cell decrease in Table 7 . As a matter of fact, "diffuse islet's hyperplasia" could be discerned in the tolbutamide-treated group. The distribution probabilities of "diffuse islet's hyperplasia" carriers did not increase after administrations of tolbutamide.
Discussion
Among the "hereditary diabetic animals" which have recently been found in natural environment, there are many species grouped zoo-taxonomically into the rodents.
For a long time, it has been supposed that the formation and development of pancreatic islets may still be sustained in rodents even after growth, and, therefore, that the insulin-supplying ability may be very high in them. The high level of blood glucose and the positive urinary sugar must be considered to manifest under the paradoxical influence of metabolic disturbance with hyperinsulinemia.
The observation on the experimental inbreeding in C57BL mice (Hummel et al., 1972) has suggested that manifestation of obesity and diabetic syndrome has been due to both ob-and db-genes.
Although the abnormal phases in metabolism detected in the diabetic animals indicated that the pancreas from obese gerbils showed islet hyperplasia with a great number of normal-sized and enlarged islets, with adenomatous islets being included. But the author has not been able to rule out the possibility of tumorous condition in the present observations. If it is conceivable, MG seems to belong to a rodent closely relating to a spiny mouse (Acomys cahirinus; Pictet et al., 1967) or C3fIF1 (Wellesley) mouse (Cahill et al., 1967) , and then, the MGs must be said to be a model for j3-insulinoma. The diabetes-like syndrome detected in MGs, that is, the blood-glucose rise in the morning, diabetic GTT and relatively high serum IRI, appears to be similar to those of insuloma carriers, but the high level of serum NEFA indicates a distinctive process from them.
It is presently demonstrated that tolbutamide seems to have an aggravating effect on the animal's diabetic processes. It is of interest to know how the influence is exerted on diabetic animals by the long-term administration of tolbutamide. Three modes of action may be taken up here, that is, direct action on vascular system, direct inspecific effect on MGs. Levey et al. (1971) and Lasseter et al. (1972) reported that tolbutamide stimulated the contraction of the isolated heart muscle from rabbits, and, furthermore, that such positive inotropic action might be able to produce some clinical adverse reaction.
They had rightly referred to the results of UGDP's works, but it seemed too premature to judge the chronic effect on the basis of results of the acute experiment on the isolated hearts. And, moreover, the ischemic cardiac diseases, which are expected to appear in diabetic process, are not only pharmacologically consequent on inotropic action but also consequent on increase of heart rates. Therefore, the conclusion should be drawn from the in vivo observation rather than from the in vitro experiments with the isolated heart under the artificially Although no established explanation is given by the present data, the keeping with the tolbutamide-mixed diet failed to demonstrate any direct influences on the function of cardiac muscles or injurious effect on the wall of vessels.
On the other hand, it is very difficult to know whether the tolbutamide administration has acted therapeutically or adversely, since the present observations during the keeping are not supplying any evidence of improvement or aggravation of diabetic process in MGs. The distribution probabilities of the severe cardiac changes in the tolbutamide-treated group were observed significantly higher than in the non-treated group, but the distribution mode may not always indicate to depend on the direct action of tolbutamide, since the present observation has been considered to start in the stage of manifestation of cardiac damages in MGs. If the reports from UGDP would suggest that the incontrolled stage in sulfonylurea therapy might produce some different negative prognosis of complications from those in insulin or diet control, the long term administration of tolbutamide would be undesirable for MGs which have presently remained in an incontrolled stage.
In either event, it is established in the present experiment that the results from MGs can be compatible with the communi- 
